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ABSTRACT
Nowadays, progressive development from agriculture to an industrialized economy has
grown rapidly not only in Malaysia but also in many countries all over the world.
However, inadequate controlled development has resulted to the environmental changes
and problems such as flash flood in both urban and rural areas in Malaysia. The case
study of this project is located at the New Academic Complex of Universiti Teknologi
PETRONAS (UTP). The purposes of this project are to identify and investigate the
assessment of the EPA Storm Water Management Model (EPA SWMM) for urban
stormwater management in order to meet the MSMA requirement and make a
comparison with manual calculation in term of the physical quantity. Therefore, this
study is conducted with the aid of EPA SWMM computer model in order to determine
the peak runoff for post-development area. Using EPA SWMM gave satisfying results
and it is suitable for simulating post-development area. However, EPA SWMM has used
different approaches of design analysis compared to MSMA manual practices. In EPA
SWMM, it only considers the runoff for post-development area but in MSMA practices,
it being considered the runoff in both, the pre-development area and post-development
area. Besides that, MSMA manual proposed Rational Method to compute peak runoff.
Rational Method does not produce Hydrograph but in EPA SWMM, it generates the
Hydrograph to set the peak runoff. Thus, some of modifications are needed in EPA
SWMM in order to fulfill MSMA requirement. All in all, the computer models are very
important tools to help engineers perform their task faster, cheaper and better way.
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Nowadays, progressive development from agriculture to an industrialized
economy has grown rapidly not only in Malaysia but also in many countries all over the
world. Urban development is affected by urban population and it will continue in the
developing countries. It is necessarily to meet the needs of population. However,
inadequate controlled development has resulted to the environmental changes and
problems such as flash flood in both urban and rural areas in Malaysia. In fact, these
activities are responsible for increased runoff and domestic waste such as nutrients, oil,
heavy metals, bacteria and others in our rivers. As a result of these activities, incidentof
flash flood becoming one of the major problems and the scenario has become more
critical over the years in big cities in Malaysia. As the country continues to urbanize, the
flood problem continue to increase. (Zakaria & Ainan, 2000).
Flash flood rarely causes death but it causes large property damage and economic
losses. In Malaysia, the average annual flood damage is estimated at RM 100 million per
year. To overcome these flash flood phenomena, Department of Irrigation and Drainage
Malaysia (DID) estimates that RM 10 billion (reported in News Straits Times, June 22,
2000) is required to upgrade the conventional drainage system made up of concrete
channels and channelized rivers.
Due to this problem, Department of Irrigation and Drainage (DID) Malaysia has
prepared the second urban drainage manual which is titled Storm Water Management
Manual for Malaysia (MSMA) to replaced the old manual "Planning and Design
Procedure No.l: Urban Drainage Design Standard For Peninsular Malaysia, 1957". The
new manual is unique in many aspects compared with the old manual. It is more
comprehensive, taking into consideration the present problems facing by the nation such
as flash flood, river pollution, soil erosion, development in the highlands and lowlands
and so on. (MSMA, 2000). This manual is environmentally friendly and is based on
'control-at-source' approach instead of the former approach of 'rapid disposal'. This
approach is a new concept in stormwater management practices in Malaysia and the
main focus is to manage the stormwater instead of draining it away as fast as possible to
a more environmentally approach. (Ainan, et al., 2004). As a result, the zero
development impact contribution in both quality and quantity of the runoff can be
sustained. (Sidek, et al., 2004). Effective from 1st January 2001, the introduction of
MSMA as a new guideline for urban stormwater management has been welcome by
many parties as an important step in the management ofwater resources in Malaysia.
Computer models are very important to engineers because they can help
engineers completing their task in a faster, cheaper and more accurate designs compare
to tedious and time-consuming manual calculations. (Bing Zhao, 2004). Many new
computational software have been developed world-wide based on the intensive research
effort in urban hydrology, hydraulics and stormwater. The United States Environemntal
Protection Agency (US EPA) defines models as a set of processes which are "used to
increase the level of understanding of natural or manmade systems and the way they
react to varying conditions." (MSMA, 2000). In the middle of 1970, computer modeling
became a part of storm drainage planning and design. (MSMA, 2000).
The analytical power of computer methods gives them major advantages
compare to manual technique because the result in more accurate designs, faster with
cost savings by avoiding over- or under-sizing. (MSMA, 2000). A few well-known
computer modeling software, such as EPA SWMM, XP-SWMM, MOUSE, StormCAD,
MIDUSS and DRAINS (ILSAX), can be applied in urban hydrologicai models.
The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-
runoff simulation model used for single event or long-term (continuous) simulation of
runoff quantity and quality from primarily urban areas. (USEPA SWMM, 2009).
Therefore, this final year project is conducted with the aid of EPA SWMM: to identify
and investigate the assessment of this software for urban stormwater management in
orderto meetMSMA requirement.
The study case reported in this report is located at the new academic complex of
Universiti Teknologi PETRONAS (UTP). This case study area is approximately 61
hectares. The overall layout of the new academic complex is in the shape of a five-
pointed star made up by five semicircles.
1.2 PROBLEM STATEMENT
In Peninsular Malaysia, the annual mean rainfall is approximately 2,540 mm,
with most precipitation occurring during the southwest monsoon (September to
December) and the total annual surface water resources is estimated at 147 billion m3
Rapid urbanization, which modified the hydrologicai processes of a catchment, is
responsible for many related problems in urban areas, especially in the topical regions.
The consequence of rapid and uncontrolled development project has impact in frequent
flooding in Malaysia.
A few years back, flash flood problem become aggravate since the drainage
system cannot cope the intensity of the rainfall. In Malaysia, flooding can be divided
into two categorized which are the seasonal monsoon floods and the unpredictable flash
floods. Flash flood happened because ofthe high intensity in short duration rainfall.
Flash flood is slightly different from normal floods. Flash flood is floods that
happen very fast and with little warning. Flash flood cause loss of lives, damage
properties and buildings, and disturb human activities especially in the aspects of
economic. Inadequate drainage system, changes in land use for urban development and
illegal logging activity are the reasons that worsen the flood problem.
Nowadays, there are numerous computer models related to stormwater systems
design have been developed. Due to the accuracy of the produced result and reliable,
simulation of streamflow with conventional method has been replaced by modeling
method. Various kinds of computer models have been developed by foreign experts to
analyse one or many problems encountered in storm drainage systems. Most of the
computer models are based on hydrology, hydraulics and stormwater quality. The choice
of the model to be applied depends on the objective of the modeling and the data
availability.
This computer models gives major advantages over manual techniques. The
computer models are an easy tool for analysis and design in an engineering study.
Besides help engineers perform tasks in afaster with cost saving, computer models also
allow better visualization and observation. However, it should be borne in mind that
proper use of such a new method or tool requires a good knowledge of the detailed
operations that the method or tool can perform. (MSMA, 2000)
Computer models allow some types ofsimulations to be performed that could
rarely be performed otherwise, since periods of runoff or quality measurement in urban
areas are seldom very long. It should always be borne in mind; however, that use of
measured data is usually preferable to the use of simulated data. Modeling is not good
substitute for data collection, especially for water quality parameters. Although
modeling is generally cheaper than data collection, the uncertainties involved, especially
in water quality simulation, mandate the collection of data for model calibration and
verification. (MSMA, 2000).
1.3 OBJECTIVE OF THE STUDY
The purpose ofthis study are shown asbelow
1. To identify and investigate the assessment of the. EPA Storm Water
Management Model (EPA SWMM) for urban stormwater management in
order to meet the MSMA requirement.
11. To make a comparison with manual calculation in term of the physical
quantity.
1.4 SCOPE OF STUDY
As to achieve the objective of the study with the various limitations and
constraints ofthe researcher will confined to the following scopes :
i. Select the case study area. For this project, the new academic complex of
Universiti Teknologi PETRONAS (UTP) has been chosen.
ii. Carry out the case study area survey and determine the catchment
characteristics ofthe study area.
iii. Analyse and tracing drainage network.
iv. Collection ofhydrologicai data from Rumah Pam Bota atPerak.




Hydrology is defined as the science of water. It deals with the occurrence,
distribution and motion of water of the earth and earth's atmosphere. As a branch of
earth science, it is concerned with water on, under and above the surface of the earth.
Hydrology covers a broad field of an inter-disciplinary nature drawing support from
allied sciences, such as meteorology, geology, statistics, chemistry, physics and fluid
mechanics. (Subramanya, 2007). Sometimes, hydrology also can be classified as :
• Scientific hydrology - a study that concerned with academic aspects
• Engineering or applied hydrology - a study that concerned with engineering
applications
2.2 HYDROLOGIC CYCLE
Water may appear in all three of its states; Viz. liquid, solid and gaseous, and in
various degrees of motion. Some examples of dynamic aspects of water are formation
and movement of clouds, rain and snowfall and evaporation of water from water bodies.
(Subramanya, 2007). Many processes work together to keep Earth's water moving in a
cycle and it can be explained in terms of a cycle known as the hydrologic cycle.
Generally, hydrologic cycle isthe continuous, unsteady circulation ofwater from
the atmosphere to and under the land surface and, by various processes, back to the
atmosphere. (MSMA, 2000). The processes at work in the hydrologic cycle consists of
precipitation that occur primarily as rain, evaporation, interception, transpiration,
infiltration, groundwater flow, lakes and ocean. Illustrated of this cycle is in Figure 2.1
below.
Figure 2.1 : Hydrologic Cycle
2.3 STORMWATER MANAGEMENT
To understand, control, and utilize waters in their different forms within the
hydrologic cycle, stormwater management is knowledge that can be applied for these
conditions. It is simply stated that everything done within a catchment to solve the
existing stormwater management problems and to avoid the occurrence of new
problems. Development and implementation of a combination of structural and non
structural measures are involves to reconcile the conveyance and storage function of
stormwater systems within the space and related needs of an expanding urban
population. Besides that, the development and implementation of a range of measures or
Best Management Practices (BMPs) also involved in this management to improve the
quality of urban stormwater management runoff prior to its discharge to receiving
waters. (MSMA, 2000).
As the world population increases, the problems with management of urban
stormwater also have been increases. Large impervious areas such as buildings and roads
are constmcted to improve the Hving standard and these activities will results in change
of hydrologicai cycle. (Ainan, et al., 2004). Infiltration recharges will decreases, rises of
surface runoff rates and volume and accelerated transport of pollutants and sediments
from urban areas will occurred.
Due to these problems, stormwater management needs to be undertaken in a safer
and more ecologically sustainable manner. These practices need to be wide respect to
environmental issues such as water quality, aquatic habitats, riparian vegetation and
social issues such as recreation and economics. (MSMA, 2000).
2.4 PREVIOUS DRAINAGE PRACTICES
The traditional approach of stormwater management widely practiced is to
collect and drain runoff to the nearest drainage system like stream or lakes as quickly as
possible in order to avoid flooding and protect lives and property. (James, 2004). This
approach is called rapid disposal. In Malaysia, rapid disposal approach is based on the
first urban drainage manual 'Planning and Design Procedure No. 1 : Urban Drainage
Design Standards and Procedure for Malaysia'was published by DID in 1975. Since its
publications, this manual has been used as a guildeline for more than twenty-five years,
even though there have been many of new technologies developments in urban areas.
(Ainan, etal., 2004).
Unfortunately, this manual was found to be insufficient to cope with the rapid
rate of urbanization nowadays which led to increase the incidence of flash flood at the
downstream of the catchment due to increase in surface runoff, peak discharge and
others. (Ainan, et al., 2004). Moreover, because of the weakness of current practice
invites more polluted river, garbage and floating litters and increase of sedimentation in
the river system and has worsened the quality of life in urban community. For that
reason, this rapid disposal approach is no longer effective measure in solving flood.
In order to overcome the above problem, DID has been introduced a new revised
manual on urban storm water management known as Urban Stormwater Management
Manual for Malaysia (MSMA) to replace the old manual. Effective from 1st January
2001, this new manual is more environmentally friendly and requires the applications of
Best Management Practice (BMPs) as this manual utilizes the concept of stormwater
management control at source instead of the former approach of rapid disposal approach
which is to drain the stormwater runoff away of the catchments as fast as possible. (Lai,
etal, 2009).
2.5 URBAN STORMWATER MANAGEMENT MANUAL FOR MALAYSIA
(MSMA)
It has been more than eight years since Urban Stormwater Management Manual
for Malaysia (MSMA) is introduced in 1 January 2001 by Department of Irrigation and
Drainage DID Malaysia to replace the old manual "Planning and Design Procedure No.
1 : Urban Drainage Design Standards and Procedure for Malaysia, 1975". The
introduction of MSMA as a new guideline for urban stormwater management has
received a good response from many parties as an important step in the management of
water resources in Malaysia and it cover wider scope and need to consider all factors of
development that can give increase in the incidence of flood. (Ainan, et al., 2004). The
aim of this manual is to provide guidance to all regulators, planners and designers who
are involved in stormwater management. By using unique techniques as recommended
in the manual based on site conditions and suitability of the soil, the engineers can
become more innovative and creative in their design. (Sidek, et al, 2004).
This current manual utilizes control at source approach and can be divided into
three main parts, which include water quantity control, erosion and sediment control, and
water quality control. (Md Noh, 2008). It requires the application of Best Management
Practices (BMPs) to control stormwater from the aspect of quantity and quality runoff in
order to achieve zero development impact contribution. (Lai, et al, 2009). As a result,
the quantity and quality of the runoff from development area can be sustained to be the
similar as pre-development condition.
The new MSMA manual describes on variety approach of BMPs are becoming
very popular topics for development of urban drainage in developed countries and now it
is being practices worldwide. United Kingdom, United States, Germany, Australia, and
Japan are widely used BMPs in drainage planning. (Lai, et al., 2009). This new
approach is more environmental friendly and it capable of being combining with other
facilities. (Ainan, et al, 2004).
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2.6 URBAN STORMWATER MODELING
Computer models are very important to engineers since they can help engineers
complete their tasks in a faster, cheaper and better way. In the middle of 1970, computer
modeling became an integral part of the storm drainage planning and design. (MSMA,
2000). There are several of computer models for analysing and designing stormwater
management have been developed world-wide based on the intensive research effort in
urban hydrology, hydraulics and stormwater quality.
Hydrologic models act to simulate rainfall -runoff processes to determine how
much water and how often. Hydraulic is similar to hydrologic models, can be continuous
or single event, and lumped or distributed. Water quality often require calibration to
produce credible prediction and quite similar to the hydrologic and hydraulic models.
The main objective of modeling that has been emphasized by MSMA (2000)
such as following:
1. To classify the urban runoff for temporal and spatial flow distribution,
pollutant ranges, etc.
2. To provide input to a receiving water quality analysis.
3. To determine effects, magnitudes, locations and combinations.
4. To perform frequency analysis of hydrologic or quality parameters.
5. To provide input to economic analysis.
There are some relevant stormwater modeling that are available to the water
resources and environment engineering communities such as EPA SWMM, MIDUSS,
HEC-1/HMS and XP-SWMM. Table 2.1 shows the list of computer modeling software



































































































































































































































































































































































































































































































































































































































































































































In this project, the methodology is shown in Figure 3.1
Select case study area
i










Analysis / Processing data
i
Conclusion and recommendation




3.2 SELECT CASE STUDY AREA
The case study for this project is located at the New Academic Complex of
Universiti Teknologi PETRONAS (UTP). The overall layout of the new academic
complex is in the shape of a five-pointed star made up by five semicircles. The five
pointed star is consists of Chancellor Complex, Pocket C and Pocket D. Another two
buildings atthe points ofthe new academic complex are Pocket Aand Pocket Bbut they
are yet to be built. The New Academic Complex of UTP is shown in Figure 3.2 and the
detail layout is shown in Figure 3.3.
































3.3 EPA STORM WATER MANAGEMENT MODELING
3.3.1 What is EPA SWMM?
The EPA Storm Water Management Model (SWMM) is a dynamic
rainfall-runoff simulation model used for single event or long-term (continuous)
simulation of runoff quantity and quality from primarily urban areas. SWMM
was first developed in 1971 and has undergone several major upgrades since
then. It continues to be widely used throughout the world for planning, analysis
and design related to storm water runoff, combined sewers, sanitary sewers, and
other drainage systems in urban areas, with many applications in non-urban areas
as well.
3.3.2 Model Capabilities
SWMM accounts for various hydrologicai processes that procedure
runoff from urban areas such as :
spatially and time-varying rainfall
evaporation of standing surface water
snowaccumulation and melting
rainfall interception from depression storage
infiltration into soil layers
interflow between groundwater & channels
SWMM also contains a flexible set ofhydraulic modeling capabilities used to
route runoff and external inflows through the drainage system network of
17
pipes, channels, storage/treatment units and diversion structures. The examples
of SWMM ability are:
• handles drainage network of any size
• accommodates various conduit shapes as well as irregular natural
channels
• model various flow regimes such as backwater, surcharging, reverse flow
and surface ponding
• model special elements such as storage/treatment units, flow dividers,
pumps, weirs and orifices
In addition to modeling the generation and transport of runoff flows,
SWMM can also estimate the production of pollutant loads associated with this
runoff The processes can be modeled for any number of user-defined water
quality constituents suchas :
• pollutant buildup over different land uses
• pollutant washoffduring runoffevents
• reduction in dry-weather buildup due to street cleaning
• routing ofwater quality constituents through the drainage system
3.3.3 Typical Applicationof EPA SWMM
EPA SWMM has been used in thousands of sewer and stormwater studies
throughout the world. Typical application of SWMM are :
• design and sizing of drainage system components including detention
facilities
• control of combined and sanitary sewer overflows
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generating non-point source pollutant loadings for wasteload allocation
studies
evaluating BMPs forsustainability goals
flood plain mapping of natural channel systems
3.4 INPUT PARAMETER IN EPA SWMM
3.4.1 Rainfall
Daily rainfall data was taken from Rumah Pam Bota atPerak for four














• Invert elevation (in feet)












Manning's nfor Open Channels, Closed Conduits and Overland Flow is referred in
Appendix 3.3.
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3.5 RESULT AND ANALYSIS
The EPA Storm Water Management Model (SWMM) was used in this study.
SWMM is an example of a general-purpose model capable of being used in a wide
variety of water quality studies. Run the model to generate the results. Adjust the
catchment parameter or adjust the model to achieve satisfactory performance.
Compare the modeling output with manual calculation (Rational Method)
whether it is suitable for urban stormwater in order to meet the MSMA requirement. The





This project consists of 106 catchments, 93 junction nodes and 92 conduits links.
Figure 4.1 below shows the study area map for New Academic Complex ofUTP inEPA
SWMM.
Figure 4.1 : Study Area Map forNewAcademic Complex of UTP
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4.2 TIME SERIES
4.2.1 Time Series 1 (TSI)
The rainfall data for TSI was taken everyday for four months from
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Figure 4.2 : Time Series 1
4.2.2 Time Series 2 (TS2)
In TS2, the design rainfall in 30 minutes duration has been used because
the average of time concentration, tc for each catchment in manual calculation is
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Figure 4.3 : Time Series 2
Polynomial expressions in Equation 4.1 have been used to find the rainfall
intensity, /(mm/hr).
ln(RIt) - a+b Infe) +c(lnft.2)) +d (ln(tc3)) (4.1)
where,
RIt= the average rainfall intensity (mm/hr) for ARI and duration
R - average return interval (years)
tc = duration (minutes)
a to d are fittingconstants dependent on ARI as in Table 13.A1 in Appendix4.1
Table 4.1 shows the summary for calculation of rainfall intensity and has been
fitted to the lpoh IDF curves for 2-yrs ARI (MSMA, 2000) and Table 4.2 shows the
temporal patternof rainfall intensityfor 30 minutesduration.
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Table4.1 : Summary for the Calculation of Rainfall Intensity2-yrs ARI
tc (min)
a b c d
In I I (mm/hr)5.2244 0.3853 -0.1970 0.0100
a b(lntc) cOntc)" d(lntc)J
30 5.2244 1.3105 - 2.2789 0.3935 4.6495 104.52
Table 4.2 : Temporal Pattern of Rainfall Intensity for 30 minutesDuration
Rainfall Intensity (mm/hr) Fraction of Rainfall in each
Time Period








From the table above, the hyetograph for average rainfall intensity in 30 minutes
duration can be created and it has been shown in the Figure 4.4. The Design Temporal





Figure 4.4 : Average Rainfall Intensity in 30 minutes Duration
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4.3 STATUS REPORT











There are two types of status report since this project used 2 types of time series.
Time Series 1 (TSI) is for current rainfall and Time Series 2 (TS2) is for design rainfall.
The status report is referred in Appendix 4.3.
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4.4 COMPARISON OF PEAK RUNOFF BETWEEN USING TSI AND TS2
Table 4.3 shows the comparison of peak runoff that has been generated from 4
months rainfall data (TSI) and 30 minutes design rainfall (TS2). Peak runoff of
subcatchment S4(3), S4(4) and S4(5) has been chosen to make the comparison.
Table 4.3 : Comparison ofPeak Runoffbetween using TSI or TS2




S4(5) 3.964 xlO"4 0.863
The comparison shows that when TS2 which is design rainfall in 30 minutes
durationhas been used, the value of peak runoff will be much higher than TSI.
4.5 COMPARISON OF PEAK RUNOFF BETWEEN EPA SWMM AND
MANUAL CALCULATION
The Rational Method has been used in manual calculation to determine the
runoff of each catchment. The following Equation 4.2 is used to compute peak runoff
using the Rational Method:
where,
Qy =peak runoff (m3/s)
C = runoff coefficient
yIt = rainfall intensity (mm/hr)





Table 4.4 shows the comparison of peak runoff (generated from design rainfall)
between EPA SWMM and Rational Method and Figure 4.5 shows the graph of the
comparison. Result of TS2 in EPA SWMM will be used in this comparison, since
Rational Method used design rainfall in order to determine the peak runoff. The
catchments involved in this comparison are 7(a), 8(d)and 10(a).
Table 4.4 : Comparison ofPeak Runoff (generated from design rainfall) between EPA
SWMM and Rational Method
Catchment Peakrunoff(mVs)
EPA SWMM Rational Method EPA SWMM Rational Method
S7(1)&S7(2) 7(a) 25.1 2.474
S8(11)&S8(12) 8(d) 17.03 2.268
S10(15)&S10(16) 10(a) 10.43 0.673







Figure 4.5 : Comparison ofPeak Runoff (generated from design rainfall)
between EPA SWMM and Rational Method
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The result shows that EPA SWMM produces high values of peak runoff while
Rational Method produces low values of peak runoff. This situation happened because
theparameters used inEPA SWMM andRational Method aredifferent.
In term of runoff coefficients, EPA SWMM defined as the ratio of total runoff to
total precipitation. While Rational Method used the recommended runoff coefficient
values as the input parameter for rainfall intensities (I) of up to 200 mm/hr can be
obtained from Design Chart for urban catchment or rural catchment respectively. These
design charts are based onAustralian Rainfall &Runoff, 1977. (MSMA, 2000).
Besides that, in Rational Method, time of concentration, t^ is used as input in
order to determine the rainfall intensity, /, while in EPA SWMM, time concentration is
not used. In EPA SWMM, rainfall intensity is based on time series.
Generally, the Rational Method that is proposed by the MSMA manual to
compute peak runoff but in EPA SWMM, Rational Method is not been applied. It is
noticed that Rational Method does not produce Hydrograph. However, EPA SWMM
generates the Hydrograph to set the peak runoff. Figure 4.6 show the curve of peak
runoff.
Figure4.6 : Curve of Peak Runoff (Qpeak)
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4.6 NODE FLOODING
From the status report, the nodes flooding summary indicates there was internal
flooding at different time and volume in the system. The examples of nodes that will be
flooded are B5, B6, B7 and B8. Solution of this problem is redesigning again the drain
size such as increase the depth of the nodes. Figure 4.7 shows the water elevation profile
for node B5 - B8. The blue colour shows that internal flooding occurs in the system.
• Profile- NodeBb- B8 BEE
Water Elevation Profile: NodeB5-BS
200 iDO SCO BOD 1.000 1.200 1.4DD 1,6150 1,f
Distance <ft)
2.00 D 27Q0 2.400 2,600 2.E0D 3,000
0M1CQ1O 00.15'OQ
Figure 4.7 : Water Elevation Profile : Node B5 - B8
4.7 POND FLOODING
The status report shows that pond number 2 will be flooded. Since this project
uses the updated plan of New Academic of UTP which is 2004, the actual area of the
pond cannot be measure accurately. Basically, the ponds were connected to each other
but in this plan; the pond was not connected, so that is the reasons why flooding might
happened to pond number 2.
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4.8 EVALUATION OF EPA SWMM WITH REFERENCES TO MSMA
MANUAL
The objectiveof this project is to evaluate the performance and capabilities of the
EPA SWMM with respect to meeting MSMA requirements. Generally, it is noticed that
the design procedure that have applied in EPA SWMM is not exactly similar with
MSMA practice in terms of discharge for pre-development and post-development.
In MSMA, it states that the discharge for pre-development is lower than post-
development. This situation happened because the previous area of pre-development is
large since the area is not yet developed. MSMA suggested designing pond as a function
of storage, in order to reduce the discharge for post-development to make the discharge
same as pre-development and to avoid that area from flooding. This situation shows that
MSMA is being considered in both, the pre-development and post-development
situations. In EPA SWMM, it only consider for the post-development. However, EPA
SWMM considers the pervious and impervious area in the simulation which is also




Flash flood cause loss of lives, damage properties and buildings, and disturb
human activities especially in the aspect of economic. To overcome these flash flood
phenomena will cost a lot of money. There are many benefits can be obtain after apply
the computer modeling which been used in this project The runoff can be generates and
control which can give beneficial for the long term durations.
The computer models give major advantage over manual calculation. They can
perform task in a faster, more accurate design and allow better observation. Due to this
accurate design, they can give cost saving by avoiding over sizing and under sizing the
design. The users can estimate accurately regarding the estimation of a project that they
involved, since they can adjust the parameter of the modeling until they achieve the
satisfactory performance.
Besides that, the computer modeling can detect easily which nodes, conduits and
ponds might be flooding during heavy rain. The occurrences of flash flood can prevent
early since we can identify which areas have potential to be flooding and early action




As a conclusion, it has been shown that determination of runoff for post-
development area can be achieved by using the computer models such as EPA SWMM.
According to the simulation results, the analysis of drainage network is satisfactory due
to identify which nodes and ponds have might be flooding. However, EPA SWMM has
used different approaches of design and analysis compared to the MSMA manual
practices.
In EPA SWMM, it only considers the discharge for post-development area but in
MSMA practices, it being considered the discharge in both, the pre-development area
and post-development area. Besides that, MSMA manual proposed Rational Method to
compute peak runoff but in EPA SWMM, it can perform very well in Hydrograph
method.
Due to these different approaches between EPA SWMM and MSMA, it will need
some modifications on the EPA SWMM in order to suite the MSMA practices. For
examples, EPA SWMM needs to consider the discharge for both, pre-development and
post-development. Besides that, there is also limitation in linking the nodes or outfall.
For nodes, they cannot have more than one outlet link while for outfall, it cannot have
more than one inlet or outlet link.
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All in all, the computer models are very important tool to help engineers perform
their tasks faster, cheaper and better way. For software recommendation, the applications
of inserting drawings such as subcatchments, sumps and conduits can be colour coded
and not just black and white which is used in the current software. Colour coding can
make user easier to differentiate the subcatchments, sumps and conduits.
34
REFERENCES
1. "Urban Storm Water Management Manual for Malaysia" (2000) Department of
Irrigation and Drainage Malaysia. Percetakan Nasional Malaysia Berhad.
2. Zakaria, S & Ainan, A (2000) "Flood Preventive Measure : An Appeal For
Coordinated Actions": Working Paper presented on Seminar Integrated Urban
Drainage Improvement For The Cities ofMelaka and Sungai Petani, Renaissance
Hotel, Melaka, 5-6 Jun 2000
3. Ainan, A., Abd. Ghani, A., Abdullah, R., Mohd. Sidek, L., Kassim, A.H., and
Zakana, N.A. (2004). MSMA-^4 New Urban Stormwater Management Manual
for Malaysia. Available at redac.eng.usm.my/html/publish/2004_06.pdf.
Accessed on 15/3/2008
4. Mohd. Sidek. L., Takara, K., Zakaria, N.A., Abd. Ghani, A., and Abdullah, R.,
(2004). An Assesment of Stormwater Management Practices in Malaysia.
Proceedings of the 1st International Conference onRiver Management in the 21sl
Century : Issues and Challenges RIVERS' 04, 21-23 September 2004, Penang
5. James C. Y. Guo, (2004), Design of Infiltration Basins for Stormwater,
Stormwater Collection Systems Design Handbook, Denver.
6. Bing Zhao, (2004), Computer Models For Stormwater Systems Design,
Stormwater Collection System Design, Arizona.
7. Subramanya, K., (2007). Engineering Hydrology. India: Mc GrawHill
8. Md Noh, M. N., (2008). Role of MSMA in Promoting Sustainable Urban
Drainage Systems in Malaysia.
35
9. USEPA SWMM. (2009). Storm Water Management Model User's Manual
Version 5.0, EPA/600/R-05/040
10. Majid, MR, Chong, C.C, (2009). Manual Saliran Mesra Alam (MSMA) :
Should Urban Planners Be Aware Of It?
11. Lai, S.H., Azamathulla, M. H., Abu Hasan, Z., (2009). The Use of MSMA for
Integrated Urban Drainage Management: Case Study in Ipoh and Melaka
36
APPENDICES
APPENDIX 3.1: Daily Rainfall Data from Rumah Pam Bota, Perak
APPENDIX 3.2 :Manning's nfor Open Channels, Closed Conduit and Overland Flow
APPENDIX 3.3 :Manual Calculation by using Rational Method
APPENDIX 4.1 :Fitted Coefficients for IDF Curves for 35Urban Centres
APPENDIX 4.2 :Design Temporal Patterns
APPENDIX 4.3 :Status Report (EPA SWMM)
37







































































































































































APPENDIX 3.2 : Manning's n for Open Channels, Closed Conduit and
Overland Flow






- Rubble or riprap
- Vegetal
Excavated or dredged




i Natural channels (minor streams,
; top width at flood stage < 100 ft)
: - Fairly regular section























{3/2-m. x 2-2/3-in. corrugations)
-Plain .
- Paved invert


















Manning's n - Overland Flow
Surface . i*
Smooth asphalt 0.011
Smooth, concrete • 0.012
Ordinary concrete lining: 0.013
Goodwood ; 0.014
Brick with cement mortar • 0.014
Vrtrifedclay \ 0.015
Cast iron : 0.015
Corrugated metal pipes \ 0.024
Cement nibble surface \ 0.024
Fallow soils (oo residue) i 0.05
"; Cultivated soils
J Residue cover < 20% \ 0.06
\ Residue cover > 20% : 0.17
Range (natural) • 0.13
; Grass
Short, prarie • 0.15
: Dense ' 0.24
Bermuda grass } 0.41
•. Woods
Lightunderbrush ; 040
Dense underbrush : 0.80





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX 4.1: Fitted Coefficients for IDF Curves for 35 Urban
Centres
Design Rainfall
•PENDIX 13.A FITTED COEFFICIENTS FOR IDF CURVES FOR 35 URBAN CENTRES
able 13.A1 Coefficients for the IDF Equations for the Different Major Cities and Towns in Malaysia (30 < t <, 1000-min)
State Location Data Period
ARI
(year)
Coefficients of the IDF Polynomial Equations
a b c d
Kangar 1960-1983
2 4.6800 0.4719 -0.1915 0.0093
5 5.7949 -0.1944 -0.0413 -0.0008
Perlis 10 6.5896 -0.6048 0.0445 -0.0064
20 6.8710 -0.6670 0.0478 -0.0059
50 7.1137 -0.7419 0.0621 -0.0067
100 6.5715 -0:2462 -0.0518 0.0016
Alor Setar 1951-1983
2 5.6790 -0.0276 -0.0993 0.0033
5 4.9709 0.5460 -0.2176 0.0113
Kedah 10 5.6422 0.1575 -0.1329 0.0056
20 5.8203 0.1093 -0.1248 0.0053
50 5.7420 0.2273 -0.1481 0.0068
100 6.3202 -0.0778 -0.0849 0.0026
Penang 1951-1990
2 4.5140 0.6729 -0.2311 0.0118
5 3.9599 1.1284 -0.3240 0.0180
Pulau Pinang 10 3.7277 1.4393 -0.4023 0.0241
20 3.3255 1.7689 -0.4703 0.0286
50 2.8429 2.1456 -0.5469 0.0335
100 2.7512 2.2417 -0.5610 0.0341
Ipoh 1951-1990
2 5.2244 0.3853 -0.1970 0.0100
5 5.0007 0.6149 -0.2406 0.0127
Perak 10 5.0707 0.6515 -0.2522 0.0138
20 5.1150 0.6895 -0.2631 0.0147
50 4.9627 0.8489 -0.2966 0.0169
100 5.1068 0.8168 -0.2905 0.0165
Bagan Serai 1960-1983
2 4.1689 0.8160 -0.2726 0.0149
5 4.7867 0.4919 -0.1993 0.0099
Perak 10 5.2760: 0.2436 -0.1436 0.0059
20 5.6661 0.0329 -0.0944 0.0024
50 5.3431 0.3538 -0.1686 0.0078
100 5.3299 0.4357 -0.1857 0.0089
Teluk Intan 1960-1983
2 5.6134 -0.1209 -0.0651 0.00004.
5 6.1025 -0.2240 -0.0484 -0.0008
Perak 10 6.3160 -0.2756 -0.0390 -0.0012
20 6.3504 -0.2498 -0.0377 -0.0016
50 6.7638 -0.4595 0.0094 -0.0050
100 6,7375 -0.3572 -0.0070 -0.0043
Kuala Kangsar 1960-1983
2 4.2114 0.9483 -0.3154 0.0179
5 4.7986 0.5803 -0:2202 0.0107
Perak 10 5.3916 0.2993 -0.1640 0.0071
20 5.7854 0.1175 -0.1244 0.0044
- 50 6.5736 -0.2903 -0.0482 0.00002
100 6.0681 0.1478 -0.1435 0.0065
Setiawan 1951-1990
2 5.0790 0.3724 -0.1796 0.0081
5 5.2320 0.3330 -0.1635 0.0068
Perak 10 5.5868 0.0964 -0.1014 0.0021
20 5.5294 0.2189 -0.1349 0.0051
50 5.2993 0.4270 -0.1780 0.0082
100 5.5575 0.3005 -0.1465 0.0058
Kuala Kubu Bahru 1970-1990
2 4.2095 0.5056 -0.1551 0.0044
5 5.1943 -0.0350 -0.0392 -0.0034 -
Selangor 10 5.5074 -0.1637 -0.0116 -0.0053
20 5.6772 -0.1562 -0.0229 -0.0040
50 6.0934 -0.3710 0.0239 -0.0073
^__ 100 6.3094 -0.4087 0.0229 -0.0068
tmued)
m,
'art StormwaterManagement Manual 13-.1
•?! "
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ARI Coefficients of the IDF Polynomial Equations
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Design Rainfall
le 13.A1 Coefficients for the IDF Equations for the Different Major Cities and Towns in Malaysia (30 <t<1000 min)
State Location Data Period
ARI
(year)
Coefficients of the IDF Polynomial Equations



















































20 4.4378 0.7118 -0.1960 0.0068
50 4.4823 0.8403
-0.2288 0.0095


















5 4.4916 0.6583 -0.2292 0.0143
erengganu 10 5.2985 0.2024 -0.1380 0.0089
20 5.8299
-0.0935 -0.0739 0.0046








Kelantan 10 5.2497 0.4280 -0.2033 0.0139
20 5.4724 0.3591 -0.1810 0.0119
50 5.3578 0.5094 -0.2056 0.0131
100 5.0646 0.7917 -0.2583 0.0161
Gua Musang 1971-1990




10 4.6080 0.8347 -0.2848 0.0161
20 4.7584 0.7946
-0.2749 0.0154
50 4.6406 0.9382 -0.3059 0.01761 100 4.6734 0.9782 -0.3152 0.0183
meet/
tormwater Management Manual 13-13-
Coefficients for the IDF Equations for the Different Major Cities and Towns in Malaysia (30 <t <1000 min) A*
Coefficients of the IDF Polynomial Equations
APPENDIX 4.2 : Design Temporal Patterns
Design Rainfall
PPENDIX 13.B DESIGN TEMPORAL PATTERNS
Table 13.B1 Temporal Patterns-West Coast of Peninsular Malaysia
No. of
Duration Time Fraction of Rainfall in Each Time Period(min) Periods
10 2 0.570 0.430 _ _ -
15 3 0.320 0.500 0.180 _ _ .
30 6 0.160 0.250 0.330 0.090 0.110 0.060 _ -
60 12 0.039 0.070 0.168 0.120 0.232 0.101 0.089 0.057 0.048 0.031 0.028 0.017
120 8 0.030 0.119 0.310 0.208 0.090 0.119 0.094 0.030 -
180 6 0.060 0.220 0.340 0.220 0.120 0.040 - -
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APPENDIX 4.3 : Status Report (EPA SWMM)
STATUS REPORT (EPA SWMM)
BY USING TIME SERIES 1















































Hitfiest Flow Instability Indexes
***V****************************
All links are stable.
*************************





percent in Steady State


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Maximum Time of Max
HGL Occurrence
Feet days hr:min
JUNCTION 0,00 0*00 129*33 0 00:00
JUNCTION 0.02 0.04 123.27 3 21:32
JUNCTION 0.08 0.18 122.88 3 21:32
JUNCTION 0.00 0.00 129.53 0 00:00
JUNCTION 0.14 0.30 120.74 3 21:34
JUNCTION 0.14 0.30 120.64 3 20:35
JUNCTION 0.03 0.07 127.36 3 20:58
JUNCTION 0.00 0.00 119.98
0 00:00
JUNCTION 0.00 0.00 117.69 0 00:00
JUNCTION 0,00 0*00 113,19 0 00:00
JUNCTION 0.02 0.04 99.63 3 19:17
JUNCTION 0.05 0.11 107.72 3 12:59
JUNCTION 0.13 0.27 106.93
3 20:40
JUNCTION 0.26 0.57 97.22 3 20:03
JUNCTION 0.00 0.00 97.47 0 00:00
JUNCTION 0.36 0.79 96.13 4 00:01
JUNCTION 0.36 0.79 95.80
4 00:04
JUNCTION 0.08 0.17 127.14 3 21:27
JUNCTION 0.08 0.17 118.61 4 00:01
JUNCTION 0.10 0.22 116.36 4 00:01
JUNCTION 0.10 0.22 114.89 4 00:01
JUNCTION 0.14 0.31 100.08 3 03:15
JUNCTION 0.14 0.31 99.75 3 21:03
JUNCTION 6.15 0.32 98.75 3 20:05
JUNCTION 0.21 0.44 98.01 3 20:22
JUNCTION 0.21 0.44 96.63 4 00:01
JUNCTION 5.82 6.89 35.73 1 00:03
JUNCTION 0.00 0.00 98.81 0 00:00
JUNCTION 0.00 0.00 98.49 0 00:00
JUNCTION 0.13 0.27 98.37 3 23:31
JUNCTION 0.14 0.30 97.28 4 00:00
JUNCTION 0.14 0.30 96.56 4 00:02
JUNCTION 0.18 0.39 96.19 4 OOtOO
JUNCTION 0.21 0.44 94.08 3 23:59
JUNCTION 0.22 0.46 91.08 3 02:18
JUNCTION 0.28 0.59 87.34 4 00:00
JUNCTION 0.28 0.59 86.73 4 00:00
JUNCTION 0.23 0.48 85.12 4 00:00
JUNCTION 0.21 0.44 83.96 4 00:00
JUNCTION 0 ;:lg . ,Q.:39 79.95 3 16:50
JUNCTION 0.00 0.00 132,48 0 00:00
JUtfCflON 0.08 0.18 99-10 3 18:18
JUNCTION 0.00 0.00 135.46 0 00:00
JUNCTION 0.02 0.04 99.12 3 18:57




















































JUNCTION 0.38 0.82 94.36 4 00:02
JUNCTION 0.51 1.08 94.03 4 00:00
JUNCTION 0.51 1.08 93.40 4 00:01
JUNCTION 0.19 0.45 92.48 4 00:00
JUNCTION 0.18 0.44 91.98 4 00:02
JUNCTION 0.18 0.44 91.38 4 00:05
JUNCTION 0.16 0.38 91.00 4 00:05
JUNCTION 0.11 0.28 90.57 4 00:06
JUNCTION 0.05 0.10 116.33 3 13,34
JUNCTION 0.05 o.io 103.85 4 00:00
JUNCTION 0.04 0.08 115.29 3 13:48
JUNCTION 0.13 0.29 103.94 3 23:37
JUNCTION 0.17 0.36 98.20 4 00:01
JUNCTION 0.07 0,15 127.54 3 20:01
JUNCTION 0.17 0.36 99.86 3 21:03
JUNCTION 0.08 0.19 97.86 4 00:02
JUNCTION 0.00 0.00 130.30 0 00:00
JUNCTION 0.03 0.06 117.67 3 22:13
JUNCTION 0.16 0.34 117.43 4 00:00
JUNCTION 0.16 0.35 115.52 4 00:07
JUNCTION 0.06 0.13 100.95 3 21:30
JUNCTION 0.18 0.38 100.93 4 00:00
JUNCTION 0.18 0.38 81.77 4 00:00
JUNCTION 0-.00 0.00 84.95 0 00:00
JUNCTION 0.07 0.16 132.52 3 16:32
.JUNCTION 0.10 0.22 116.15 3 15:34
JUNCTION 0.09 0.20 120.82 3 14:35
JUNCTION 0.26 0.56 116.23 3 15:31
JUNCTION 6.06 0.13 127.44 3 14:30
JUNCTION 0.26 0.56 115.72 4 00:04
JUNCTION 0.14 0.30 102.66 3 15:18
JUNCTION 0.14 0.30 101.08 4 00:00
JUNCTION 0.15 0.35 80.34 4 00:02
JUNCTION 0.13 0.31 80.00 3 16:50
JUNCTION 0.02 0.05 114.96 3 15:19
JUNCTION 0.15 0.37 81.34 4 00:00
JUNCTION 0.16 0.38 80.92 4 00:00
JUNCTION 0.16 0.38 80.69 4 00:01
JUNCTION 0.00 0.00 127.15 0 00:00
JUNCTION 0.01 0.02 130.22 3 06:19
JUNCTION 0.15 0.33 79.89 4 00:00
JUNCTION 0.00 0.00 127.29 0 00:00
JUNCTION 0.00 0.00 113.19 0 00:00
JUNCTION 0.00 0.00 114.67 0 00:00
JUNCTION 0.00 0.00 115.17 0 00:00
JUNCTION 0.00 0.00 100.78 0 00:00
JUNCTION 0.00 0.00 114.91 0 00:00
JUNCTION 0.00 0.00 19.69 0 00:00
OUTFALL 0.18 0.39 0.39 3 16:50
STORAGE 6.06 49,21 74.73 3 15;11
















Maximum Maximum Lateral Total
Lateral Total Time of Max Inflow Inflow
Inflow Inflow Occurrence Volume Volume
Type CFS CFS days hr:min 10A6 gal 10-^6 gal
JUNCTION 0,00 0:00 0 00:00 0,000 0,000
JUNCTION 0.10 0.10 3 21:47 0.174 0.174
JUNCTION 0.02 0.12 3 21:32 0.035 0.209
JUNCTION 0.00 0.00 0 00:00 0.000 0.000
JUNCTION 0.18 0.30 3 21:34 0.333 0.542
JUNCTION 0^01 0.31 3 20:35 0.015 6.557
JUNCTION 0.28 0.28 3 21:26 0.510 0.512
junction 0.00 0.00 0 00:00 0.000 0.000
JUNCTION 0.00 0.00 0 00:00 0.000 0.000
B3 JUNCTICN O.OO 6.00 0 00:00 0.000 0.000
B31 JUNCTION 0.15 0.15 3 19:25 0.268 0.268
1 = S:S SS 5SS :S :
t 5SE 8:S i:S 8|:S : :
" SS S-S i:S 3 SIS S:S "JS
JUNCTION 0.00 0.3i 4 00:0i 0.000S SE££ 5155 0.3l 4 00:01 0.000 0.550
S JUNCTION 0.00 0.31 4 00:01 0.000 0.550C5 JUNCTION 0.27 0.57 3 21:03 0.482 1.031
^ TfiKB-TTDN 0,00 0,57 3 21:31 0,000 1,031
« "« o!?9 0.92 3 20=05 0.350 1 649| = S:S 15 I SIS S:g :
i 3S2 8:88 &:S S ooioo 8:888 :S SStKN 0.00 0.00 0 00:00 0.000 0.000
" ™. 0.36 0.36 3 23:31 0 657 0.657
JUNCTIOND2 3SSS 5;22 ^69 4 00:00 0.394 1.244D3 JUNCTION 0.16 0.85 4 00:00 0.291 1.536S JUNCTICN 0.62 1-47 3 23:59 1.115 2.650S JUNCTICN 1-83 3.30 4 00:00 3.290 5.940D6 JUNCTION 0.66 3.96 4 00:00 1-197 7.137
°? =-~™ 0_00 3.96 4 00:00 0.000 7.137JUNCTIONi S 8:88 IS J SS S:S j: g
? = 8:i S ss *s IS
~ S S:.S S:S SSS 8:g 8:?|
-iHNir-rTON 0 53 2.12 3 22:47 0.961 3.82b%. Stt O-.g 2.49 4 00:02 0.65| 4484
i tttnt-ttdn 0 40 3.60 4 00:00 0.722 6.488g "« I!" «-•« 4 00:00 2.025 8513
S JUNCTION 0.00 4.72 4 00:00 0.000 8.513
% 5SS °-00 4"72 4 S'S n'nno I'Sl^ TTTNCriCN 0 00 4.73 4 00:05 0.000 8.5132 JUnSiS 0 00 4.73 4 00:05 O.OOO 8.513g jSSlCN 0.00 4.73 4 00:06 0.000 8.512
S» TlwrnON 0 09 0.09 3 13:34 0.154 0.154f ££*£» 0.00 0.09 4 00:00 0.000 0.154ShI JUNCTION 0.06 0.06 3 13:48 0.105 0.105
1 SSS 8:3 IS I i 8:S :S1 5S 8:88 8:00 8 88; :8j :
-irTwr-TTON 0 20 0.20 3 22:26 0.359 0.359? "SSlcS 0 00 0.20 4 00:00 0.000 0.359S JuS SlS 0.38 3 21:30 0.334 0.693S JUNCTICN 0.06 0.44 3 21:31 0.104 0.797
14 JUNCTICN 0.74 1-18 4 00:00 1.326 2.123
It JUNCTION 0.00 1-18 4 00:00 0.000 2.12316 3SS o.ob 0-00 0 06:00 0.000 0.000Jj JUNCTION 0.12 0.12 3 16:32 0.222 0.222
\ SS °0-o9 S:S 3 SS S:iS S:S
°? SSS OIOS 0.44 3 16:01 0 094 C) 794£, JUNCTiS O.S 0l07 3 14:30 0.123 0.123S? jSlS 0,04 0.48 3 15:17 0.070 0.864S JUNCTION 0.09 0.57 3 15:18 0.164 1.028
« -JUNCTION 0.01 0.58 4 00:00 0.016 1.0435 JuSlON 0.01 6.66 3 16:49 0.018 12.002
"2 JuSlCN 0.00 6.66 3 16:50 0.000 12.001? JUNCTION 0-03 0.03 3 15:19 0.058 0.058

















JUNCTION 0.03 6.06 4 00:00
JUNCTION 0.01 6.07 3 18:15
JUNCTION 0.00 0.00 0 00:00
JUNCTION 0.00 0.00 3 06:19
JUNCTION 0.00 3.96 4 00:00
JUNCTION 0-00 0.00 0 00:00
JUNCTION 0.00 0.Q0 0 00:00
JUNCTICN 0.00 0.00 U 00:00
JUNCTICN 0.00 0.00 0 00:00
JUNCTION 0.00 0.00 0 60:06
JUNCTION 0.00 0.00 0 00:00
JUNCTION 0.00 3.03 4 18:24
OUTFAT.T, 0.00 6.66 3 16:50
STORAGE 0.00 3.96 4 00:00


























Max. Height Min. Depth













Flooding refers to all water that overflows anode, whether it ponds or not.
Node
Maximum Time of Max
Hours Rate Occurrence



























































































Maximum Time of Max Maximum Max/ Max/
IFlowI Occurrence Velocity Full Full
CFS days hr:min ft/sec Flow Depth
"~ CONDUIT 0.00 0 00:00 0-00 0.00 0.00C5 CONDUIT 0.31 4 00:01 3.70 0.02 0.13C6 CONDUIT 0-31 4 00:01 2.74 0.01 0.03CT CONDUIT 0.31 4 00:01 2.60 0.03 0.17
g£ ScuS 8.57 4 00:01 1.49 0.03 0.19
i rrwnnrr 0 92 4 00:01 1.65 0.05 0.25£5 SSt 0 00 0 00:00 0.00 0.00 0.00St S£5 0.00 0 00:00 0.00 0.00 0.00S* cSSS 0.00 0 00:00 0.00 0-00 0.00
C1t MUTT 0 15 3 19:17 2.05 0.00 0.02Sn cSSuS 0 03 4 00:02 0.77 0.00 0.05S? SS£r 0 00 0 00:00 0.00 0.00 0.00SJ SSS 0 10 3 21:48 1.26 6.00 0.02022 SS5S" 0 12 4 00:02 1.38 0.02 0.14
cS SSS S^ 0 00:00 0.00 0.00 0-00
« mNTTTTTT 0 30 3 20:35 1.58 0.05 0.232* S££ 0 31 3 20:56 5.11 0.01 0.11
G26 GC8?*EE ,7± * nfl.m 9.41 0.02 0.15
CONDUIT 1.09 4 00:01 2. 1 .22 cSdUIT i 49 3 21 18 12.44 0.01 0.08
^l S£S 0 00 0 00:00 0.00 0.00 0.00SS OcSuS OIOO 0 00:00 0.00 0.00 0.002? CcSSt 0.31 4 00:01 1.31 0.02 0.16S2 O^S 0.47 4 00:02 1.38 0.03 0.19§1 CONDUIT 0.69 4 00:00 1.47 0.02 0.06
mmn 0 85 4 00:01 2.51 0.01 0.11§45 £5£ ?4? 4 00:00 3.44 0.01 009
2 rrwmrr 3 30 4 00:00 4.19 0.03 0.12S ^SSt 1:18 4 00;00 3,49 0.05 0.15
™' rrwnuTT 3 96 4 00:00 4.73 0.03 0.12SI SSS . Lie 4 00=00 5.36 0.03 0.11
Sft CONDUIT 0.39 4 00:05 2.1*7 0.01 0.08SI? SSuS 0:00 0 00:00 0.00 0.00 0.00Ctl S5lT 1-16 4 00:01 1-97 0.03 0.16
°tl cSSS 1 23 4 00:04 1.29 0.05 0.22C43 SSS 021 4 00:00 3.01 0.01 0.09C^ SSuTT 0 00 0 00:00 0.00 0.00 0.00211 £55 0 00 0 00:00 0,00 0,00 0-OQC46 SXnrr 0 08 4 00:00 0.62 0.01 0.03C4I £S5 !*59 3 19:22 1.80 0-02 0.06CS £SS 2 14 4 00:08 1.58 0.05 0.222? £SlT 2 49 4 00:04 1-89 0.03 0.17CS SSduTt 3 60 4 00:01 1.90 0.04 0.20C52 £SS 4 72 4 00:00 1.78 0.04 0.08S £SS J'.TO 4 Q0;02 1.97 0.03 0-08
G54 ???™ I L a nn-nn 2.78 0.00 0.05C55 CONDUIT 0.09 4 00:00 2.78 «.«- -----
S mmirr 0.09 4 00:01 0,66 0T01 0,02C^ cSSuiT 0 06 4 00:00 2.65 0.00 0-04
c57 !™*3E 0.33 4 00:02 2.29 0.02 0.15." ,-. rrwrrn-T 33 : . ^.~*-C58 £S5 0!38 4 00:01 1-90 0.04 0.18
C5? CONDUIT 0 21 4 00 01 3.68 0.01 0.08?S £55 0.71 4 00:02 1.28 0.04 0.10CS £55 071 4 00:02 7.68 0.00 0.03SS £55 0 00 0 00:00 0-00 0.00 0.00Cfl £55 0.20 4 00:00 1.13 0.01 0.03
°2 £55 4 73 4 00:05 1.80 Q-03 0,08C£ £55 0 20 4 00:07 1.12 0.03 0.17%* S££5 S.38 3 21:31 4.52 0.02 0.14



































































































































































Both Ends Upstream. Dnstream
0,01 40.80
Analysis begun on: Sun May 09 17:03:28 2010
Analysis ended on: Sun May 09 17:03:42 2010


































































































STATUS REPORT (EPA SWMM)
BY USING TIME SERIES 2











































































Highest Flow Instability Indexes
********************************
All links are stable.
*************************





Percent in Steady State






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8.710 0.000 0.000 1.652































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































JUNCTION 136.19 336.82 0 66:20
JUNCTION 39.20 370.02 0 00:20
JUNCTION 20.01 403.51 0 00:22
JUNCTION 0.00 0.00 0 00:00
JUNCTION 5,98 5,98 0 00:20
JUNCTION 0.00 85.21 0 01:04
JUNCTION 0.00 0.00 0 00:00
JUNCTION 0.00 0.00 0 00:00
JUNCTION 0.00 0.00 0 00:00
JUNCTION 6.06 6.66 0 00:06
JUNCTION 0.00 0.00 0 00:00
JUNCTION 6.00 0.00 0 00:00
JUNCTION 0.00 3.00 0 09:03
OUTFALL 0,00 22,35 0 02:30
STORAGE 0.00 18.07 0 02:04


















































































































Max. Height Min. Depth





















































































































































































































































































































































































































































































































0.64 149.28 0 00:20 0.992 0.00
1.34 247.15 0 00:20 2.674 0.00
1.88 177.43 0 00:20 2.078 0.00
2.13 244.28 0 00:20 3.539 0.00
1,29 291,75 0 00:20 2,935 0,00
0.86 115.44 6 00:20 0.981 0.00
2.42 348.44 0 00:20 4.464 0.00
0.30 35.16 0 00:20 0.111 0.00
0.08 8.40 0 00:20 0.010 0.00
6.05 ii.04 0 00:26 6.668 6.00
2.01 68.67 6 01:04 2.201 0.00


























































(tfsiH rm im Time of Max Maximum Max/ Max/
IFlOWl Occurrence Velocity Full Full











CONDUIT 0.00 0 00:00 0.00 0.00 0.00
CONDUTT 18.43 0 00:06 10.72 1.00 1.66
CONDUIT 19.62 0 00:07 11.80 0.42 0.43
CONDUIT 11.32 0 00:07 6.59 1.00 1.60
CONDUIT 11.32 0 00:08 11.62 0.47 0.68
CONDUTT 4,98 0 07:56 4.02 1,07 1,00
CONDUIT 4.84 0 07:57 2.81 0-26 0.52
CONDUIT 18.03 0 00;07 3.96 1-00 1.00
CONDUIT 0.00 0 00:00 0.00 0.00 0.00
C15 CONDUIT 0-00 0 00:00
0.00 0.00 0.00
0.00CONDUIT 0-00 0 00:00 0.00 0.00
CONDUIT 52.29 0 00:10 13.95 1.14 1.00




CONDUIT 0.00 0 00:00 0.00 0.00 0.00
CONDUIT 31.60 0 00:36 8v31 1.15 1.00
CONDUIT 6.70 0 00:07 4.04 1.00 1.00
C24 CONDUIT 0,00 0 00:00 0.00
0.00 0.06
CONDUTT 5-75 0 00:06 3.34 1.00 1.00
C26 CONDUIT 21.60 0 00:20
15.73 0.75 0.86
C27 CONDUIT 48.58 0 00:08
6.40 1.00 l.OO
CONDUIT 113-54 0 00:47 40.25 1.06 1.00
C29 CONDUIT 0.00 0 00:00
0.00 0.00 0.00
SVWWW5
C30 CONDUIT 0.00 0 00:00 0.00 0.00 0.00
cl? CONDUIT 16.01 0 00:07 3.77 1.00 1.00§2 CCNDUIT 15.59 0 00:07 3.65 1.00 1.00
TZZ CONDUIT 46.17 0 00:39 6.13 1.25 1.002? OCfSuiT 67.02 0 00:09 7.68 1.00 1.00g* £E5 179.33 0 00:09 11.23 1.00 1.00§6 CONDUIT 123.35 0 00:55 11-29 1.08 1.00
C37 CCNDUIT 85.59 0 01:03 7.85 1.05 1.00C3S CONDUIT 85.53 0 01:03 11.19 0.68 0.60)£1 CONDUIT 85.31 0 01:03 12.82 0.57 0.54Sn CcSSt 57.62 0 00:15 8.03 1-00 1.00S? COnSSt 0.00 0 00:00 0.00 0.00 0.00
^ oSSt 44.54 0 00:07 4.78 1.00 1.00
cti CONDUIT 24,55 0 00:08 2,66 1.00 1,00C44 CCNDUIT 25.09 0 00:07 9.73 1.00 1-00
~A CONDUTT 0.00 0 00:00 0.00 0.00 0.00gJI CCnSS 0.00 0 00:00 0.00 0.00 0.00
S? CONDUTT 17.18 0 00:42 4.01 1.25 1.0031 CONDUIT 92.31 0 00:09 6.21 1.15 1.00
Sin CCNDUIT 43 97 0 00:09 3.38 1-00 1.00g? C^S Sl'.le 0 00:10 460 1.00 1.00
Si CCNDUIT 85.48 0 00:10 4.11 1.00 1.00
~„ CONDUIT 152,62 0 00:50 5,22 1.14 1.0025 CcSuiT 146 94 0 00:51 5.78 0.94 0.80g45 CCNlSS 31.58 0 00:10 12.54 1.00 1.00
2£ CONDUIT 17.93 0 00:35 3.51 1.05 1.002? OT«TT 34.45 0 00:13 13.46 1.00 1.00
2£ cdNDUTT 14.35 0 00:07 5.93 1.00 1.00g89 CcSS 10.68 0 00:07 432 1.00 1.00
So CONDUIT 32.88 0 00:08 13.32 1-00 1.00fl CCnSS? 20.92 0 00:49 3.79 1.21 1-00
~S CCNDUIT 20.69 0 00:49 21.10 0.06 0.17
r'S OMDoS 0.00 0 00:00 0.00 0.00 0.00
C65 OCNDUTT 36.13 0 00:41 6.60 1.18 1.00C68 CONDUTT 152.22 0 00:55 5.40 1.12 0.92
2£ CONDUTT 6.12 0 00:09 2.61 1.00 1.00%{ cSSS 25.42 0 00:07 14.87 1.00 1.00So CCNDUTT 3.51 0 00:07 3.23 1.00 1.00fnl oSSSt 14.83 0 01:24 5.23 1.08 1-00VX ca5S 9.87 0 00:08 5.72 1.00 1.00
rnl COnSSt 5.08 0 00:07 2.09 1.00 1.00C77 SES 18.24 0 00:10 7.23 1.00 1.00%L CONDUIT 3.14 0 02:31 4.48 1.08 1.00So SSrSlT 32.63 0 00:14 12.78 1.00 1.00
C8l CCNDUTT 432.60 0 00:23 8.56 0.77 0.69
CS2 • CCNC01T 432.07 0 00:23 8.79 0.73 0.66
rli CCNDUIT 37.65 0 00:18 14.96 1.00 1.00g£ CONDUIT 333.33 0 00:20 6.37 0.91 0.78
S5 CONDUIT 389.29 0 00:22 6.69 1.09 0.92
rss CONDUIT 394.36 0 00=22 6.66 6,97 0,81C87 CCNDUIT 149.27 0 00:55 6.47 0.85 0.74
Ci8 CONDUIT 147.97 0 00:56 9.25 0.51 0.50
C89 CONDUIT 146.39 0 00:56 13.43 6.30 0.34
nln CONDUIT 85.63 0 00:20 7.41 0.29 0.332? CCNtSt 29.54 0 00:07 11.55 1.00 1-00HI CC^S 0.00 0 00:00 0.00 0.00 0.00
C93 CONDUIT 29.66 0 01:05 3.06 0.10 0.16
C125 CCNDUIT 22.35 0 02:30 30.78 1-07 1.00
rJoo CONDUIT 5.33 0 00:24 3.48 0.54 0.72Sll SSlT 49.58 6 03:33 6.48 1.25 1.00
C130 CONDUTT 19.04 0 00:09 7.68 1.00 1.00S3I CONDUIT 85.21 0 01:04 22.47 0.26 0.35
St? CONDUIT 18.07 0 02:04 25.23 1-06 1.00S« cSSS 0,00 0 00:00 0,00 0,00 0,00C135 CCNlSt 0.00 0 00:00 0.00 0.00 0.00SI! CONDUIT 0.00 0 00:00 0.00 0.00 0.00SI? CcSSoxr' 0.00 0 00:06 6.00 0.00 0.00S£ cSSSt 0.00 0 00:00 0.00 0.00 0.00gg CCnSSt 6.00 0 00:66 6.00 6.66 0.00So CONDUIT 3.13 0 09:02 4.77 1-08 0.92






























































- m,n M-inwp, V\i\ 1 Capacity
Limited
HOUrS c uix *
Both Ends Upstream Dnstream Normal flow
.—.
5,77 5.77 5.77 0.01 5.77
6.67 6.67 6.67 0.01 6.67
7.84 7.91 7.84 7.91 7.91
o.oi 1.17 0.01 0.01 1.17
0.34 0.38 0.34 0.04 0.38
0.33 0.34 0.33 0.01 0.34
0.43 0.47 0.43 0.03 0.47
0.74 0.77 0.76 0.01 0.77
1.22 1.23 1.22 0.01 1.23
0.01 0.53 0,01 0-53 0.53
0.66 0.68 0.66 0.03 6.68
1.16 1.18 1.18 0.01 1.18
1.67 i.68 1.68 o.oi 1.68
0.51 0.58 0.51 0.58 0.58
0.01 0.50 0.01 0.49 0.50
0.01 0.47 0.01 0.47 0.47
0.78 0.80 0.78 0.82 0.80
0.93 0.95 0.93 0.96 0.95
0.01 0.33 0.03 0.01 0.33
0.01 1.30 0.02 1.30 1.30
0.01 1.58 0.03 1-58 1.58
0.01 0.96 0.01 0.95 0.96
0.56 0.62 0.56 0.07 0.62
0.42 0.49 0.42 0.49 0.49
0.01 1.20 0.04 1.19 1.20
0.01 0.54 0.02 0.01 0.54
0.01 0.77 0.02 0.75 0.77
0.68 0.75 0.68 0.07 0.75
0.01 6.26 0.61 6.01 0.26
0.45 0.47 0.45 0.47 0.47
0.01 0.18 0.01 0.17 0.18
0.01 0.63 0.02 0.01 0.63
0,01 0,72 0,02 0,01 0*72
0.01 0.49 0.01 0.49 0.49
0.69 0.74 0.69 0.74 0.74
0.55 0.59 0.55 0.60 0.59
0.01 0.07 0.01 0.04 0.07
O.oi i.65 0.65 6.01 1.05
0.70 0.71 0.70 0.01 0.71
1.83 1.87 1.88 1.88 1.87
1.29 1.33 1.29 1.33 1.33
1,25 1,28 1,27 1.27 1.28
0.01 2.12 0.03 0.01 2.12
0.01 0.85 0.02 0.83 0.85
2.40 2.41 2.42 2.43 2.41
0.01 0.29 0.01 0.28 0.29
0.01 0.07 0.01 0.07 0.07
0.01 0.04 0.01 0.04 0.04
0.01 0.97 0-02 0-97 0.97
2.33 2.38 2.33 2.38 2.38
3*43 3.99 3.42 4,01 3.99
0.01 0.63 0.02 0.61 0.63
1.95 2.00 1.95 2.00 2.00
0.01 8.92 0.01 0.04 8.92
Analysis begun on: Sun May 09 15:21:53 2010
Analysis ended on: Sun May 09 15:21:56 2010
Total elapsed time: 00:00:03
SMMM5
